Experimental studies allowing to investigate correlated matter in general, and magnetism in particular, at the length and time-scales of the exchange interaction have recently developed into an exciting research area. The experiments involving ultrashort timescales provided intriguing results, like the femtosecond laser induced transient ferromagnetic state of a ferrimagnet alloy [5] and even superconductivity [6] . However, in these cases the wavelengths of the photo-induced excitations lie orders of magnitude above the nanometer length scale of the exchange interaction. An alternative strategy consists in the investigation of magnetic order induced by introducing impurities with atomic resolution in space [7] [8] [9] , but these are static experiments at equilibrium. A fundamentally new approach to the problem, that combines the femtosecond timescale and nanometer lengthscale consists in studying the ultrafast dynamics of macroscale magnetic order parameter triggered by spin excitations with wavelength and period pertinent to the length-and time-scales of the exchange interaction.
site in sign. Although this process is allowed throughout the whole Brillouin zone, the magnon density of states is largest in the high-frequency region near the zone edges, which is dominated by the exchange interaction [10, 11] (see Supplementary Fig. S1 ). Thus a bound state of two high-energy, high-wavevector and counter-propagating spin waves, usually denoted as two-magnon (2M) mode, can be induced by a femtosecond light pulse. The frequency and wavevector of this magnetic excitation are the sums of the frequencies and wavevectors of the two magnons involved in the bound state [10] [11] [12] [13] . Although an impulsive excitation of such 2M mode was reported, the subsequent dynamics of the magnetic order parameter has not even been discussed yet [14] .
In this Letter, we disclose the fastest possible dynamics of the macroscopic order parameter in a magnetic system, by means of an impulsive all-optical injection and detection of shortrange spin excitations near the edges of the Brillouin zone. The wavelengths of the corresponding magnons are of the order of 1 nm and the frequencies in the 20 THz range. We demonstrate that the phase of the spin waves can be controlled by changing the polarization of the excitation beam.
The macroscopic magnetic order of an ideal Heisenberg antiferromagnet is conveniently described in terms of the antiferromagnetic vector L, which is the order parameter [15] and is defined as
whereŜ ⇑ i andŜ ⇓ j are the spin operators located on two nearest-neighbor sites (i , j ), belonging to different magnetic sublattices (⇑ and ⇓), while S each sublattice, such that the total spin remains unchanged [10, 11, 16] [see Fig. 1(A) ]. Consequently the transient magneto-optical Faraday and Kerr effects, which measure light-induced variations of the total spin, inevitably fail to track the dynamics of such magnetic excitation.
On the other hand, the 2M process is expected to be revealed by second order magneto-optical effects, which depend on quadratic combinations of the spin operators via the same spin correlation function [17] appearing in the Heisenberg term of the Hamiltonian (see Methods). Our model reveals that the spin correlation function has the same time dependence of the antiferromagnetic vector (see Supplementary Eq. S47). The time evolution of these two quantities is unraveled by the transient antiferromagnetic linear dichroism (see Eq. (4)). This magnetooptical effect induces a rotation of the probe polarization in the experimental configuration shown in Fig. 1 (B) (see Methods).
An excellent system for the all-optical excitation and detection of the dynamics of highfrequency and shortest-wavelength magnons is the cubic Heisenberg antiferromagnet KNiF 3 , which is ordered below the Néel point T N = 246 K. A recent study of the dynamics of the lowenergy magnons revealed that it is indeed possible to access the spin dynamics in KNiF 3 via a transient quadratic magneto-optical effect [18] . Moreover, in this material the Raman cross section of the 2M mode is so high that it dominates the whole spectrum [10, 16] . For the ultrafast excitation of the 2M mode in KNiF 3 (ν 2M ≈ 22 THz, period ≈ 45 fs, wave vector ≈ 10 7 cm −1 , wavelength ≈ 1 nm) we rely on the ISRS mechanism to trigger a Raman-active collective mode, provided that the duration of the stimulus is shorter than the period of the mode [19, 20] . A successful impulsive excitation of such high-frequency magnons therefore demands laser pulses with a duration significantly shorter than 40 fs. To meet these requirements we used linearly polarized sub-20 fs laser pulses, with a central photon energy of 2.2 eV, which lies in the transparency window of the material [18] . For the probe we employed equally short pulses centred around 1.3 eV and with a polarization perpendicular to that of the pump. While τ d represents the decoherence of the 2M band, we interpret τ r as the characteristic demagnetisation time of the two sublattices, solely driven by magnetic interactions [18] . As a laser pulse excites a continuum of magnons with different frequencies [see Fig. 4 (A)], the damping τ d of the oscillations observed in our experiment is actually the decoherence of the inhomogeneous ensemble of the coherently excited magnons. This is usually described [21] by means of the characteristic time T * 2 . The demagnetization of the sublattices is a result of the heating of spins, which is caused by the decoherence of single magnon modes [18] in the ensemble, on a time scale generally indicated with
Moreover, only our time-resolved technique allows to observe and control the phase of the coherent short-range spin excitation, which is claimed to be a necessary requirement for any implications in the development of magnon-based devices [22] . In On the same graph we plot the spectrum of the 2M mode measured via spontaneous Raman scattering at the same temperature (red curve). The zoom in the inset of Fig. 4(A) shows two sidebands at about 7.5 THz from the central 2M frequency, that appear to originate from a modulation of the 2M mode in the time domain. Figure 4 (B) shows a two-dimensional spectrogram, obtained by performing a time-frequency analysis [24, 25] of the data in Fig. 2 (see Supplemen-tary Materials). The colormap in Fig. 4(B) represents the time-dependent spectrum of the 2M mode. The frequencies of the peak of the spectrum at different time delays are traced by a blue dotted line. This curve displays a periodic oscillation of ν 2M , which is consistent with the observation of the sidebands in the inset of Fig. 4(A) . We define the relative frequency shift as
where 〈ν 2M 〉 is the average frequency in the temporal interval where the oscillations have a significant amplitude (0-500 fs). We plot the peaks of the spectra obtained by the time-frequency analysis as a function of the delay in the inset of Fig. 4 (B). The frequency of the modulation of ν 2M is ≈ 7.5 THz, which corresponds to the frequency of the infrared-active phonon [26, 27 ] (≈ 7.7 THz), assigned to the stretching vibration of the Ni-F-Ni bond. Unlike other phonon modes in this material, the frequency of the stretching mode is temperature-independent [26, 27] , which is consistent with the data (see Fig. S6 ). to the interaction on the femtosecond time-scale between the stretching mode and the 2M mode [25] , which are simultaneously and coherently excited by the laser pulse. Although a 2M-phonon interaction was previously suggested [13] , our time-resolved experiment provides the first evidence of this effect.
Unlike previous investigations of the ultrafast spin dynamics in KNiF 3 [18, 30] , the data reported in Fig. 2 are a measurement of the femtosecond dynamics of the spin correlation function(see Eq. (4)), which carries informations about magnetic interactions on the subnanometer length-scale. In fact the magnetism of KNiF 3 is properly described by taking into account only the exchange interaction between nearest-neighbours. These antiferromagnetically coupled spins are separated approximately by an 8 Å distance [31] . Our experimental approach constitutes a unique way to access the ultrafast dynamics of the spin-spin correlations on such a sub-nanometer length scale. Hence we believe that this work opens up fundamentally novel and exciting perspectives for studies of magnetic and correlated materials. Following our approach it becomes possible to monitor the evolution of the exchange energy during a photo-induced phase transition and to probe the femtosecond dynamics of the sub-nanometer range spin correlations in strongly correlated materials, included high-Tc superconductors.
Although our investigation concerned an ideal Heisenberg antiferromagnet, the concept here employed to study the femtosecond dynamics of the macroscopic magnetic order parameter caused by short-range spin excitations is applicable to a broad group of multisublattice systems [10, 11] . In our view these results provide a fundamentally new approach to elucidate the dynamical interplay between short-range spin excitations and high-Tc superconductivity in cuprates [32] [33] [34] . is rotated in order to equalize the probe intensities on the two photodiodes. The pump-induced imbalance of the signal registered by the two photodiodes is measured by a lock-in amplifier which is locked to the modulation frequency of the pump beam (i.e. 500 Hz). Our apparatus was able to detect rotations of the polarization on the order of 1 mdeg.
Fitting procedure. The transient rotation of the probe polarization was fitted employing the following function
where C and D are amplitude coefficients, φ is the phase of the oscillations, H (t ) is the Heaviside function, τ d is the damping time of the oscillations and τ r is the characteristic rise time of the incoherent contribution to the signal. Considering the outcome of the Wigner analysis in Fig. 4(B) , we employed the modulated frequencyω in the sinusoidal function, namelyω
where ν 2M is the 2M frequency, G is an amplitude coefficient, ν mod is the modulation frequency and ψ is the phase. The fit to the data shown in Fig. 2 was achieved by setting the following parameters: ν 2M = 22.12 THz,
. These values were obtained from the Wigner analysis of the data in Fig. 2 . The fit parameters allowing to reproduction at best the data are: C = (2.5 ± 0.1) · 10 −2 deg, 
